Tumor growth and metastasis require that tumor cells must have either the potential to shift genetically or epigenetically between proliferative and invasive phenotypes or both phenotypes simultaneously. In the present study, we demonstrated that neuroblastoma growth and invasion were distinct processes that were carried out by proliferative and invasive phenotypes of tumor cells, respectively. Two subpopulations from human neuroblastoma cell line were isolated: highly invasive (HI) cells and lowinvasive (LI) cells. HI and LI cells had different proliferative rate and metastatic ability in vitro and in vivo. In addition, they had distinct activated signal pathways and sensitivities to chemotherapy drugs. Affymetrix microarray and quantitative reverse transcriptase-polymerase chain reaction revealed that visinin-like protein-1 (VSNL-1) mRNA in HI cells was significantly higher than that in LI cells. We also observed that VSNL-1 was over-expressed in tumor specimens from patients with distant organ metastases compared with those without metastases. Furthermore, the invasive and proliferative phenotypes of neuroblastoma cells could be exchanged by regulation of VSNL-1 expression in vitro and in vivo. Up-regulation of VSNL-1 potentiated the anoikis-resistant ability of neuroblastoma cell. The expression of anoikis inhibitor TrkB, intracellular adhesion molecule 1, major histocompatibility complex class I, CD44 and CD44v6 was associated with VSNL-1 level. These results suggested that distinct roles of proliferative and invasive phenotypes contributed to neuroblastoma progression and strongly demonstrated that VSNL-1 played a very important role in neuroblastoma metastasis.
Introduction
The ability of malignant tumors to metastasize is the major cause of death from cancer and failure of cancer treatment. Although the radical surgery treatment, radiotherapy and systemic chemotherapy are performed, the clinical outcome is unsatisfactory because of metastatic spread. It has been shown that tumor metastatic stage is one of the most important prognostic factors (1) . Understanding the molecular mechanisms of the complex multistep process of tumor metastasis could facilitate the development of preventive measures, early diagnostic methods and better treatments.
Neuroblastoma is the most common extracranial solid tumor of childhood, and the hallmark of neuroblastoma is heterogeneity in both genotype and clinical behavior (2) . Spontaneous regression and differentiation are common in infants and in early-stage tumors, whereas neuroblastoma is extremely aggressive in older children with latestage tumors (3) . Over 60% of neuroblastoma patients more than 1 year old have metastases at the time of diagnosis and show unfavorable outcomes (4) . Little progress has been made in improving the poor prognosis of patients with late-stage neuroblastomas because metastasis is common. Most neuroblastomas metastasize to bone marrow and bone, some to lymph nodes, liver, lung and brain (5, 6) . However, very little is known about the mechanisms involved in metastases of neuroblastoma.
Tumor growth and metastasis require that tumor cells have either the potential to shift genetically or epigenetically between proliferative and invasive phenotypes or both phenotypes simultaneously. Thus, we hypothesized that heterogeneity of tumor phenotypes contributed to tumor development. In current study, we were able to isolate two subpopulations from human neuroblastoma cell line by transwell invasion chamber: highly invasive (HI) cells and low-invasive (LI) cells. Different properties of HI and LI cells were compared, and it was found that HI and LI cells were distinct in proliferation rate, metastatic ability, activated signal pathway and sensitivities to chemotherapeutic drugs. Visinin-like protein 1 (VSNL-1) was found to be involved in the regulation of the proliferative and invasive properties of neuroblastoma. VSNL-1 is expressed in the central nervous system, where it plays a crucial role in regulating cyclic adenosine 3#,5#-monophosphate levels, cell signaling and differentiation. Very little information is available regarding its roles in tumor development and metastasis. Our results indicate that VSNL-1 plays an important role in regulating tumor cell invasiveness and growth.
Materials and methods

Cells and cell culture
Neuroblastoma cell line SK-N-AS from American Type Culture Collection (Rockville, MD) was maintained in Dulbecco's modified Eagle's medium (DMEM; Life technologies, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS, Life technologies).
Patient specimens
Neuroblastoma specimens were collected with informal consent from 16 patients at the Second Affiliated Hospital of China Medical University, and 6 patients at Queen Mary Hospital, the University of Hong Kong. Tumor specimens were obtained from patients with surgically resected primary neuroblastoma. The patients included 15 males and 7 females, and their median age at diagnosis was 48 months (range: 11-108 months). This study was approved by the Human Research Ethics Committee, Queen Mary Hospital, University of Hong Kong.
Isolation of HI and LI neuroblastoma cells
In order to isolate subclones with high migrating ability, transwell invasion chambers were used in this study as described by Kawamata et al. (7) . Transwell assay was performed using cell culture insert with 8 lm pores (BD Falcon, Franklin Lakes, NJ). The surfaces of transwell were coated with 100 ll diluted Matrigel (BD Bioscience, Bedford, MA). Cells (5 Â 10 4 ) in 500 ll DMEM with 1% FBS were seeded onto the top of the transwell filter and DMEM with 1% FBS were added to the bottom chamber of the transwell. After 24 h incubation, the cells in the upper and lower layers of the chamber were harvested and cultured. Clones derived from single cell by using a limiting dilution technique were selected and expanded into cell lines. Two subpopulations were isolated and referred as to LI cells and HI cells based on their different invasive ability.
Invasion assay
Transwell assay was also used to assess tumor cell invasion. After 24 h incubation, non-invading cells in the upper layers were swabbed off using a cottontipped swab and the invading cells in lower layers were fixed with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO) for 10 min at room temperature, and then were rinsed in phosphate-buffered saline (PBS) and stained with 0.5% crystal violet (BDH Laboratory Supplies, Poole England) in 50% ethanol for 10 min at room temperature. The invading cells remained in the bottom side of the membrane were counted under microscope. All assays were performed in triplicate, and at least three independent experiments were performed.
3-[4,5-Dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide assay Cell proliferation was assessed using conversion of 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (Roche, Indianapolis, IN) into formazan product. Five thousand cells per well were seeded in 96-well plate and cultured for 48 h. 3-[4,5-Dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (0.5 mg/ml) was incubated with cells for 4 h and solubilization solution (100 ll/well) was added for overnight incubation. All the incubation was performed in humidified tissue culture incubator, 37°C, 5% CO 2 atmosphere. Absorbance was measured at 540 nm with background correction at 650 nm.
Tumor growth model
Male BALB/c nu/nu mice (5-6 weeks) were inoculated with 2 Â 10 6 cells in 100 ll PBS subcutaneously (s.c.). Tumor dimensions were measured every 2 days using micrometer calipers. Tumor volumes were calculated using the following formula: Volume 5 1/2 Â a Â b 2 , where a and b represent the larger and smaller tumor diameters, respectively. All the animal experiments were approved by the Committee on the Use of Live Animals in Teaching and Research at the University of Hong Kong (Hong Kong, China).
Tumor metastatic model
Male BALB/c nu/nu mice (5-6 weeks) were injected with 2 Â 10 6 cells in 100 ll PBS intravenously (i.v.). The nude mice were killed 3 months later and evaluated the tumor formation in the lung or bone marrow. The lungs were excised and fixed with 4% formalin for hematoxylin and eosin staining. To detect the tumors in the bone marrow, both the forelimbs and hind limbs were separated from the bodies at the joints. Bone marrow was collected and washed once with PBS before being cultured in six-well plate using DMEM with 10% FBS. Non-adhesion cells were washed away with PBS after overnight incubation. Human neuroblastoma cells were identified by fluorescence-activated cell sorting (FACS) analysis (Becton Dickinson, Mountain View, CA) using a fluorescein isothiocyanate (FITC)-conjugated anti-human major histocompatibility complex class I (MHC-I) antibody (BD pharmingen, San Diego, CA).
Green fluorescence protein-actin and DsRed2-Nuc transfection In order to label LI and HI cells with different colors, the plasmids pEGFPactin (BD Biosciences, Palo Alto, CA) and pDsRed2-Nuc (BD Biosciences, Palo Alto, CA) were transfected into LI and HI cells, respectively. In brief, 5 lg of plasmid DNA was mixed with 10 ll Lipofectamine 2000 (Invitrogen, Carlsbad, CA) in 500 ll DMEM and incubated for 20 min at room temperature. The mixture was added to 90% confluent cells in six-well plates, which were then incubated for 24 h at 37°C under 5% CO 2 atmosphere. Transfected cells were then incubated in the presence of 800 lg/ml of G418 (BD Clontech, Palo Alto, CA) to select positive clones.
Affymetrix GeneChip
Total RNA samples were extracted with the TRIzol reagent (Invitrogen) according to the manufacturer's instructions. Probe synthesis and hybridization of human U-133A GeneChip Oligo Microarrays (Affymetrix, Santa Clara, CA) were performed in accordance with the manufacturer's instructions. Gene expression data (CHP file of Affymetrix Microarray Suite 5.0 software) were normalized to a global target intensity of 500.
Real-time quantitative reverse transcriptase-polymerase chain reaction Total RNA was extracted from cells using Trizol reagent (Invitrogen) or from paraffin-embedded tissue using RecoverALL TM Total Nucleic Acid Isolation Kit (Ambion, Austin, TX). cDNA is synthesized using random hexamer (Invitrogen). Real-time quantitative polymerase chain reaction (PCR) is performed according to the instruction described in ABI assay-on-demand VSNL kit (Applied Biosystem, Foster City, CA). Values were obtained from the Ct number at which the increase in signal associated with exponential growth of PCR products was first detected. According to the manufacturer's manual, 18S was chosen as an endogenous control for cells and PGP9.5 for patient specimens. Results were expressed as n-fold differences in target gene expression relative to endogenous control (n target ). In brief, they were determined by the formula n target 52 DDCt sample ; where the DDCt was determined by subtracting the DCt value of the control gene from that of the target gene, and the DCt value was determined by subtracting the average Ct value of the control gene from that of the target gene. The n target values of samples were normalized such that the value of the control group was 1. Experiments were performed with duplicates for each data.
VSNL-1 cDNA transfection
The cDNA of VSNL-1 was ligated in the modified plasmid pSec/His tagged with His. Cells were transfected using Lipofectamine 2000 as the manufacturer's instruction. To establish VSNL-1 expression, stable clones and vector control lines, cells transfected with pSec-VSNL-1 or vector alone were diluted in 1:5 after 24 h transfection and then incubated and positive clones were selected in the presence of 400 lg/ml of hygromycine B (BD).
Western blotting
Cells were lysed in RIPA buffer [0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 1% Nonidet-P40 and PBS] with phenylmethanesulfonyl fluoride and protease inhibitors (Roche, Diagnostics, Mannheim, Germany) for 30 min on ice. The protein concentrations were determined by the Bio-Rad DC assay (Bio-Rad, Hercules, CA). The samples were adjusted to equal protein concentrations and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Proteins on the gel were transferred onto nitrocellulose membranes (Millipore, Bedford, MA), then were blocked with 5% bovine serum albumin in Tris-buffered saline containing 0.1% Tween 20 for 1 h at room temperature. The membranes were incubated with the anti-His antibody (Invitrogen) overnight at 4°C. After being washed with Tris-buffered saline containing 0.1% Tween 20, the membranes were incubated with the appropriate horseradish peroxidase-conjugated secondary antibody (DAKO, Glostrup Denmark). The immunoreactive bands were visualized with ECL kit (Amersham Pharmacia Biotech, Buckinghamshire, UK).
Anoikis assay
Anoikis levels were measured using a protocol modified from Park et al. 
FACS analysis
Cells were processed for single staining with phycoerythrin-conjugated intracellular adhesion molecule 1 (ICAM-1), FITC-conjugated MHC-I or monoclonal antibodies against CD44, CD44v6 and TrkB, followed by FITC-labeled goat anti-mouse antibody specific for IgG. Fluorescence acquisition was done on FACScan flow cytometer. All antibodies were from R&D (Minneapolis, MN) except monoclonal antibody against CD44 (DAKO, Denmark).
Statistical analysis
Statistical tests including the Mann-Whitney U, v 2 and Kendall tau-b tests were used. A P value of less than 0.05 indicated that the difference was significant. All statistical analyses were performed using the computer software Statistical Package for the Social Sciences 10.0 (SPSS Inc., Chicago, IL).
Results
Isolation of subpopulations with different proliferative property and metastatic potential
Transwell chamber has been used to measure and isolate tumor cells with different invasive property (7, 9) . Therefore, we applied it to isolate tumor cells with HI phenotype. Two subpopulations with different invasive ability were isolated from neuroblastoma cell line SK-N-AS: HI cells and LI cells. The migration of HI cells was significantly faster than LI cells ( Figure 1A) .
We further examined HI and LI cells for proliferative properties in vitro and in vivo. The in vitro data showed that LI cells grew significantly faster than HI cells, assessed by 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide and cell counting ( Figure 1B and C, P , 0.01). We also inoculated HI and LI cells s.c. into athymic nude mice and compared the rates of tumor growth ( Figure 1D ). LI xenografts grew significantly faster than HI xenografts. The tumor volume of LI was nearly five times than that of the HI xenografts by 32 days of growth (P , 0.01).
VSNL-1 in regulating proliferative and invasive properties of neuroblastoma
Burchill et al. (10) were able to detect neuroblastoma cells in peripheral blood, suggesting its hematogenous dissemination. Therefore, i.v. injection of neuroblastoma cells into mice could be a murine model to investigate neuroblastoma metastasis (11) . We administrated HI and LI cells into athymic nude mice i.v. After 3 months of the injection, 76.9% mice injected with HI cells developed lung metastasis ( Figure 1E ) and 23.1% had bone marrow metastasis, whereas only 18.2% mice developed lung metastasis and none had bone marrow metastasis in mice injected with LI cells (Table I ) (P , 0.05). Histological examination indicated tumor cells in the lung ( Figure 1F ). FACS analysis showed that isolated cells from mice bone marrow were human MHC-I positive, suggesting bone marrow metastasis ( Figure 1G ).
To further confirm that HI and LI cells have distinct properties for proliferation and metastasis, HI and LI cells were transfected with pDsRed2-Nuc vector and pEGFP-actin vector, respectively. pDsRed2-Nuc labeled the nucleus of HI cells with red fluorescence and pEGFP-actin labeled the actin cytoskeleton in LI cells with green fluorescence. The equal numbers of HI and LI cells (1 Â 10 6 cells) were mixed and then inoculated into nude mice s.c. and allowed to grow over a period of 30 days followed. The HI and LI mixture was also injected to mice i.v. to establish metastatic model as described previously and mice were killed after 3 months injection. The tumor growing in local sites and metastatic lung nodules were prepared in frozen section and then investigated under fluorescent microscope. The results showed that majority of cells in lung were HI cells labeled with red fluorescence. In contrast, tumor formed quickly in the local sites of s.c. injection and majority of cells were LI cells labeled with green fluorescence (Figure 2 ). These data further confirmed that HI cells had HI potential but grew slower, whereas LI had higher proliferative capacity but their invasive potential was poor. Figure 3A ). These data may suggest that activation of extracellular signal-related kinase (ERK) is associated with both proliferation and invasion in neuroblastoma cells, whereas activation of Akt is correlated with the proliferative phenotype.
Differences in signaling pathways of HI and LI cells
Different responsiveness to chemotherapy of HI and LI cells Vincristine, adriamycin, cyclophosphamide, cisplatinum and VP-16 are commonly used as chemotherapy drugs for neuroblastoma. Therefore, we assessed the responsiveness of HI and LI cells to these drugs on cell proliferation. VP16-and adriamycin-induced growth inhibitory effects occurred in HI with IC 50 values 1000 and 12.0 ng/ml, respectively. However, the effects of VP16 and adriamycin on LI cells were less when compared with HI cells: IC 50 values for both drugs were .10000 and 100 ng/ml, respectively (P , 0.01). The sensitivities of HI and LI cells to cyclophosphamide and vincristine were almost the same ( Figure 3B ). Similar results were observed in the cells treated with cisplatinum (data not shown). All these data illustrated that HI and LI had different responsiveness to certain drugs.
VSNL-1 over-expression in HI cells and patients with distant organ metastasis
To better understand the molecular mechanisms of HI and LI cells in the development of neuroblastoma, Affymetrix microarray and quantitative reverse transcriptase-PCR (qRT-PCR) were applied to identify genes whose expression was different in these two types of cells. Affymetrix microarray showed that of a total of about 22 283 probe sets, 14 genes were found to be statistically significant and highly differentially expressed between HI and LI cells (P , 0.05). VSNL-1, c-met and integrin a4, which are associated with tumor metastasis, were highly expressed in HI cells compared with LI cells. The qRT-PCR data showed that the mRNA level of VSNL-1 in HI cells was about 10 times higher than that of LI cells (P , 0.01) (Figure 3C ), whereas the expression of c-met and integrin a4 in HI was 1.97 and 1.98 times higher compared with LI cells (data not shown).
As Affymetrix microarray revealed that VSNL-1 was differentially expressed in HI and LI cells (P , 0.05), we undertook qRT-PCR to confirm this founding. We further studied the association of VSNL-1 and metastatic status in neuroblastoma specimens from patients by qRT-PCR. A total of 22 neuroblastoma patients' specimens were examined for expression of VSNL-1 mRNA. It was found that the mRNA level of VSNL-1 was significantly correlated with the clinical stage. VSNL-1 mRNA in stage IV patients was over 13 times higher than stage I patients (P , 0.05) ( Figure 3D ), suggesting that overexpression of VSNL-1 was correlated with tumor metastasis.
Function of VSNL-1 on neuroblastoma cells
To investigate the function of VSNL-1 on neuroblastoma cells, the VSNL-1 cDNA withswas transfected into LI cells that had lower VSNL-1 expression. Western blot analysis showed that the VSNL-1 detected by anti-His antibody was positive in clone A and B transfected with VSNL-1 cDNA, whereas it was not expressed in cells transfected with vector alone ( Figure 4A ).
We further evaluated the proliferative effect of VSNL-1 transfection and found that VSNL-1 transfection into LI cells inhibited neuroblastoma cell proliferation in vitro. The proliferation rate of VSNL-1 VSNL-1 in regulating proliferative and invasive properties of neuroblastoma tranfectants was less than 80% (74 ± 2.3%) compared with vector-alone transfectants (P , 0.05) ( Figure 4B ). In vivo experiment also showed that VSNL-1 transfection into LI cells significantly slowed tumor growth in nude mice ( Figure 4C ).
We also assessed whether the invasive capacity could be changed by modifying expression of VSNL-1. LI cells transfected with VSNL-1 cDNA acquired capacity for invasion ( Figure 4D ). After 3 months injection of LI cells transfected with VSNL-1 cDNA (i.v.), six of 10 mice developed lung metastasis and one of 10 developed bone marrow metastasis, whereas only three of 10 mice injected with LI cells transfected with vector alone developed lung nodules and none of them developed bone marrow metastasis (P , 0.05)( Table II) .
Effects of VSNL-1 on anoikis
Aniokis assay was measured using corning petri dishes that could prohibit cell attachment. LI cells transfected with VSNL-1 or vector alone were seeded on the dish. After 48 h incubation with DMEM plus 10% FBS and hygromycin B (400 lg/ml), cell apoptosis were detected by PI and annexin V double staining. In all, 74.43% of VSNL-1 transfectants were annexin V and PI negative. In contrast, only 27.71% of vector-alone transfectants were annexin V and PI negative (P , 0.05) ( Figure 5A ). The data illustrated that up-regulation of VSNL-1 increased the resistance of neuroblastoma cells to anoikis which was an important step in the process of metastasis.
Effects of VSNL-1 on the expression of metastasis-related proteins
We next investigated whether other metastasis-related molecules could be regulated by VSNL-1. VSNL-1 transfectants expressed higher level of anoikis inhibitor, TrkB (11, 12) , compared with vector-alone transfectants. In addition, VSNL-1 transfection downregulated the expression of ICAM-1, MHC-I, CD44 and CD44v6 ( Figure 5B ). Y.Xie et al.
Discussion
Despite intensive investigations, the fundamental rule of tumor initiation and metastasis in neuroblastoma remains elusive. In the present study, we demonstrated that the growth and invasion of neuroblastoma were distinct processes that were carried out by proliferative and invasive phenotypes of tumor cells, respectively. These tumor cells with distinct properties not only had different response to chemo drugs but also activated distinct signaling pathways. Furthermore, the invasive and proliferative phenotypes of neuroblastoma cells could be exchanged by regulation of VSNL-1 expression. Our data showed that HI cells grew slower in vitro and in vivo. These results are consistent with the previous reports that human melanoma high metastatic line had more significant decrease in proliferation in vitro compared with the low metastatic line from the same parental line (13) . It is also demonstrated that metastatic glioblastoma cells have low proliferative state (14) . Our finding may help to explain why metastatic tumor growth starts just to be detected even after local tumors are resected for a long period of time. Metastatic tumor cells from in situ tumor have been already in circulation or distance organs but they are not detectable in the early stage as they have lower proliferative rate.
Once metastatic tumor cells seed in organs, the invasive phenotype may be changed to proliferative phenotype, and therefore, metastatic tumors start to grow. However, this hypothesis requires further study. Understanding the molecular phenotypic determinants of tumor heterogeneity is essential in assessing therapeutic outcomes in the management of tumor progression. Akt is over-expressed or continuously activated in tumor cells (15) such as neuroblastoma, making them resistant to apoptosis induced by chemotherapeutic drugs (16) . Akt inhibitors sensitize human neuroblastoma cells to chemotherapy (16) . Activation of mitogen-activated protein kinase /ERK in tumors enhanced both proliferation and invasion (17) . We found that higher levels of active Akt at serine 473 (S473) were detected in LI cells and it was weak positive in HI cells, whereas there is no difference in the levels of p-Akt at threonine 308, indicating that different upstream kinases are involved in. On the other hand, p-44/42 ERK was positive on both HI and LI cells. Our data support the idea that activation of Akt mediates proliferation, whereas ERK pathway controls both proliferation and invasion in neuroblastoma cells. We also showed that LI cells, which had higher level of p-Akt, were more resistant to chemotherapy. These results suggested that different phenotypes or signaling pathways might result in the distinct responsiveness to chemotherapy. Therefore, multiple signaling pathways may need to be targeted for maximal therapeutic efficacy.
Tumors are heterogeneous with respect to metastatic potential (18) . Investigation of tumor cells with different metastatic property and identification of genes implicated in the control of metastases are important to understand the metastatic mechanisms, find biomarkers and new methods of intervention. In current study, we found that the level of VSNL-1 in HI cells was significantly higher compared with LI cells and expression of VSNL-1 in tumor specimens was significantly correlated with patients' clinical stages (metastatic status). VSNL-1 in Stage IV patients with distant organ metastasis was over 13 times higher than in stage I patients. Furthermore, the invasive capacity of neuroblastoma cells could be enhanced in vitro and in vivo by increase of VSNL-1 expression, suggesting that VSNL-1 was one of the key factors that controlled the turnover of neuroblastoma proliferative and invasive phenotypes. The tumor formation in the lung and bone marrow resulted from the higher metastatic property of neuroblastoma cells but not from the higher proliferative ability of cells. However, Mahloogi et al. found that the VSNL-1 expression in esophageal squamous carcinoma was reversely correlated with tumor invasive features, which may due to VSNL-1 elevated the intracellular cyclic adenosine 3#,5#-monophosphate level (19) . The elevation of cyclic adenosine 3#,5#-monophosphate play both positive (20) and negative role (21) in cell migration. The precise Metastasis is a multi-step process that includes the invasion of adjacent tissues, intravasation, and transportation through the circulatory system, arrest at a secondary site, extravasation and growth in a secondary organ. The events subsequent to entering circulation are rate limiting in the process (9) . Anoikis, meaning ''homeless'' in Greek words, is defined as a phenomenon reflecting tumor cell apoptosis because of loss of adhesion. Resistance to anoikis contributes to metastasis by increasing cells viability after they loss the cell-cell and cell-extracellular matrix contacts (22) . Our data showed that up-regulation of VSNL-1 inhibited the anoikis of neuroblastoma cells. We also found that over-expression of VSNL-1 up-regulated the expression of TrkB. TrkB over-expression in neuroblastoma is strongly associated with MYCN amplification (23), which is an reliable marker for poor outcome of neuroblastoma patients (24) . TrkB has been reported recently as an inhibitor of anoikis (16) . Additionally, TrkB confers an enhanced malignant phenotype to the neuroblastoma cells (26) . Our data showed that the expression of TrkB was correlated positively with expression of VSNL-1. Therefore, we reasoned that VSNL-1 might inhibit neuroblastoma cell anoikis and enhance the cell invasion through up-regulating the expression of TrkB.
It is well documented that down-regulation of MHC-I and ICAM-1 contributes to tumor metastasis. Down-regulation of MHC-I helps tumor cells evade from T cell-mediated immune response (26) . Lower expression of MHC-I is found in metastatic cervical carcinoma, melanoma and head and neck squamous cell carcinoma compared with primary tumors (27) (28) (29) . In neuroblastoma, the MYCN amplification suppresses the MHC-I expression (30) . It is consequently deduced that neuroblastoma patients with poor prognosis express lower MHC-I when considering the correlation of MYCN amplification with patients' outcome. ICAM-1 is a cell-surface glycoprotein belonging to the immunoglobulin superfamily (31) . Lower ICAM-1 expression was observed in metastatic gastric cancer, esophageal cancer, colorectal cancer and breast cancer (32) (33) (34) (35) (36) . In respect of neuroblastoma, ICAM-1 only expresses on a minority of clinical specimens that are MYCN negative, and this subset of tumors have a better prognosis (37) . Patients with low-expression ICAM-1 and MHC-I have higher risk of tumor relapse than those with either low level of ICAM-1 or MHC-I (33). Expression of ICAM-1 and MHC-I is more frequent on low-stage neuroblastomas as compared with metastatic stage IV neuroblastomas (34, 38) . Neuroblastoma with low expression of ICAM-1 showed less susceptible to MHC unrestricted nature killer NK and lymphokine-activated killer cells (39) . Up-regulation of ICAM-1 can partially explain the increased susceptibility to lymphokine-activated killer-, monocyte-and NK-mediated lysis (40) (41) (42) . All these findings suggested that ICAM-1 and MHC-I might have synergetic role in immune response of neuroblastoma cells. In this study, VSNL-1 transfection simultaneously down-regulated MHC-I and ICAM-1 expression in neuroblastoma cells, which might contribute to the higher metastatic potential by increasing the ability to evade from immune surveillance.
CD44 is a transmembrane glycoprotein that mediates cell-cell and cell-cell extracellular matrix adhesion (43) . Over-expression of CD44 and its isoforms are correlated with tumor progression and metastasis in many human cancers including non-Hodgkin's lymphoma (44) , gastric carcinoma (45) , colorectal carcinoma (46) and brain tumor (47) . However, low level or loss of CD44 expression is associated with progression and metastasis in neuroblastoma (48) , prostate cancer (49) and bladder transitional cell carcinoma (50) . These studies suggest that the relationship between CD44 expression and the occurrence of metastasis is tumor specific. Higher CD44 expression in neuroblastoma is found in low-stage and stage IV tumors (neuroblastomas in infants less than 1 year with dissemination limited to skin, liver and/or bone marrow. Stage IV neuroblastomas usually undergo spontaneous maturation and regression), whereas repressed CD44 expression is found in stage IV tumors with MYCN amplification (46, 51) . Some studies reported that high expression of CD44V6 is a predictor of metastasis in colon cancer (52) and gastric cancer (53) . In contrast, metastasis progression correlates with down-regulation of CD44V6 in prostate cancer (54) . In this study, we have showed that up-regulation of VSNL-1 decreased the expression of CD44 and CD44V6 which might also contribute to neuroblastoma metastasis.
Taken together, our study findings demonstrated that distinct roles of proliferative and invasive phenotypes contribute to neuroblastoma progression and strongly suggested that VSNL-1 enhanced neuroblastoma cell invasion and metastasis through regulation of TrkB, MHC-I, ICAM-1 and CD44.
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